Introduction {#sec1-1}
============

Rotator cuff tear is a common shoulder complaint worldwide.\[[@ref1]\] Codman performed the first rotator cuff repair in 1909, and afterward, gradually, less invasive surgical methods were developed. Different types of rotator cuff repair include open surgery, arthroscopic, mini-open, and arthroscopic-assisted open methods.\[[@ref2]\]

Arthroscopic surgery can be challenging even for skilled surgeons, as it demands full knowledge of the three-dimensional anatomy of the shoulder as well as the use of specific tools and instruments.\[[@ref3][@ref4]\]

In contrast, open surgery is less expensive and can provide more dominance over the anatomy of the shoulder that increases the feasibility of arthroscopy.\[[@ref5]\]

Several researchers have investigated the clinical outcomes in patients with rotator cuff tear who compared open and arthroscopic surgeries; however, there are limited studies that compare the outcomes of arthroscopic and open rotator cuff repair.\[[@ref6][@ref7]\] According to this fact, the present study aimed to compare the clinical outcomes of patients who underwent rotator cuff repair by arthroscopic and open repair techniques, in order to determine the best and the most effective surgical approach in patients with rotator cuff tear.

Materials and Methods {#sec1-2}
=====================

Trial design {#sec2-1}
------------

This study was a census prospective cohort study comparing the outcomes of arthroscopic and open surgical techniques in patients with acute rotator cuff tear who needed rotator cuff repair. The Regional Bioethics Committee of Isfahan University of Medical Sciences (IUMS) approved the study protocol.

Participants {#sec2-2}
------------

Patients with acute full-thickness rotator cuff tear underwent rotator cuff repair surgery using either arthroscopic or open techniques by the same surgeon from 2011 to 2015.

Inclusion criteria were as follow: (1) more than 18 years of age, (2) suffering from acute traumatic rotator cuff tear defined as the tear incidence since ≤6 months, (3) absence of any underlying disease that contraindicated for the surgery, (4) patient\'s willingness to participate in this study with fulfilling written informed consent, and (5) patients with severe pain or functional impairments who had been under conservative treatments for the least of 1 month and had not shown an appropriate response to the medical conservative treatments. If patients did not continue their presence in the follow-up period, and if they were unwilling to continue the study, they were excluded. Patients who suffered from chronic rotator cuff tear (\>6 months) and cases with rheumatoid arthritis or diabetes, were excluded from the study, as well as the patients whose magnetic resonance imaging (MRI) had revealed degenerative fatty tissue changes in supraspinatus muscle.

A total of 55 patients were selected to participate in this study through a census design. The study was explained for all of the patients, and consent letters were fulfilled. Due to the unwillingness to continue the study, four patients excluded from the study. Finally, from 51 patients, 26 cases had undergone open repair surgery, and 25 patients had undergone arthroscopic repair \[[Figure 1](#F1){ref-type="fig"}\].

![Study algorithm for patients enrollment](ABR-9-13-g001){#F1}

Outcomes {#sec2-3}
--------

At first, for all the patients\' physical examination was performed, and demographic data, including age and gender, were recorded in the checklist. The patients were examined by the skilled orthopedist and were scored according to the function-forward flexion-pain-abduction using the University of California, Los Angeles (UCLA) scale. The diagnosis of full-thickness rotator cuff tear was made by clinical examination and MRI. All the patients attended the least number of 10 sessions of physiotherapy before surgery.

During the surgery, the tearing size was compared after bursectomy and full exposure. The mediolateral size was measured from greater tuberosity to medial tear expansion, and the anteroposterior size was measured from the anterior tear border to its posterior border, which was usually within or in parallel with the infraspinatus muscle and calculated in terms of cm^2^. Physical examination performed after surgery and follow-up were performed in 6--36 months after surgery. Patients with small- and medium-sized tears used shoulder brace, and patients with large tears used abduction pillows for 4--6 weeks. At the end of 4 weeks, the patients underwent physiotherapy treatment with pendulum and passive motion exercises under the supervision of a single-skilled physiotherapist. The passive range of motion physiotherapy continued for four weeks, and then, the active range of motions and muscle strengthening motions began progressively and continued until the end of the follow-up.

Interventions {#sec2-4}
-------------

The patient was lateral decubitus positioned, and physical examinations to assess passive ranges of motion were performed. After that, in cases with limited passive range of motion, gentle manipulation was done. Then, the arm was positioned in 10°--40° of abduction and longitudinal traction using a 3--4 kg weight.

Within 2 cm inferior and 2 cm medial to the posterolateral acromial angle, a posterior portal was created. The inside-out technique was used to place the anterior portal in the rotator interval. Therefore, glenohumeral arthroscopy was done to clear the debridement of intra-articular lesions. After that, the arthroscope was inserted into subacrominal space following an anterior skin incision. In the next step, a lateral subacrominal portal on a sagittal line from the posterior corner of the acromioclavicular joint to the lateral border of the acromion was created.

Anterior acrominoplasty was performed for all patients; therefore, coplaning of the acromioclavicular joint was done in cases with the distal clavicle inferior spurs. Then, a bursectomy was done. In the next step, a grasper was utilized to assess the mobility of the torn tendon. Therefore, the edge of the tear was debrided. The soft-tissue covering the greater tuberosity was removed, and the tuberosity was lightly decorticated using a burr. The size of the tear was measured, and in cases with large U-shaped tears, the tears were converted to crescent-shape side-to-side nonabsorbable sutures from posterior to anterior. Eventually, a spinal needle was inserted percutaneously to determine the proper point of anchor insertion on the greater tuberosity. Thus, a small incision with a size of 5 mm was made on the lateral aspect of the shoulder where the spinal needle was localized, and the suture anchor, which has nonabsorbable sutures per anchor, was inserted. Then, the sutures were passed through the torn tendon, and retrieved through the posterior or anterior portal, to eventually make a mattress stitch. An arthroscopic knot on a Duncan Loop sliding knot was created, followed by three alternating post half-hitches. The crescent edge of the rotator cuff was repaired to the greater tuberosity. One, two, two--three, and three suture anchors were used for small, medium size, large size, and massive tears, respectively.

The open repair was performed by proximal extension of the lateral portal to the lateral border of the acromion. The deltoid muscle was split without detachment from the acromion. Simple sutures were used to repair the rotator cuff by rotating the humeral head to visualized the tear\'s margin. The suture anchor technique was done to fix the repaired tears. Therefore, a suture anchor was inserted at the site of the humeral head adjacent to the articular surface of the greater tuberosity on the medial side. The torn tendon was fixed in the greater tuberosity, using mild tension on the sutures. The deltoid muscle fascia was repaired at the end.

Statistical analysis {#sec2-5}
--------------------

Data from all participants were entered into SPSS 20 (SPSS crop, Chicago, IL, USA) for statistical analysis. In order to report qualitative variables, we used mean ± standard deviation and number or percentages, respectively. For comparing variables, Chi-square test, independent *t*-test, paired *t*-test, and ANOVA were applied. A two-sided α level of 0.05 was used to assess statistical significance.

Results {#sec1-3}
=======

Baseline data {#sec2-6}
-------------

In this study, 51 patients were evaluated. Twenty-six of them (16 males and 10 females) underwent open repair, and 25 patients (14 males and 11 females) underwent arthroscopic repair. The mean age of the patients was of 47.7 ± 10.7 years ranging from 27 to 60 years in the arthroscopy group, and 47.8 ± 10.2 years ranged from 21 to 66 years in the open surgery group. The two groups were similar in terms of age (*P* = 0.97) and gender distribution (*P* = 0.461).

Outcomes and estimation {#sec2-7}
-----------------------

The mean tear size was 4.99 ± 2.3 cm^2^ in the arthroscopy group and 4.93 ± 2.3 cm^2^ in the open group (*P* = 0.93).

Both of the treatment approaches accompanied by a significant improvement in the Universal California Los Angles (UCLA), active forward flexion, and active abduction increased (*P* \< 0.001) \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison of preoperative and postoperative movement indices among study population

  Variable                                Preoperative   Postoperative   *P*            
  -------------- ------------------------ -------------- --------------- ------- ------ --------------
  Open surgery   UCLA\*                   10.5           3.1             22.1    8.1    \< 0.001\*\*
                 Active Forward Flexion   55.2           2.22            108     36.6   \< 0.001\*\*
                 Active Abduction         48             14.6            111     44.3   \< 0.001\*\*
  Arthroscopy    UCLA\*                   12.8           4.4             25.2    9.4    \< 0.001\*\*
                 Active Forward Flexion   68.1           28              111.7   39.1   \< 0.001\*\*
                 Active Abduction         63.8           6.6             119.8   36.2   \< 0.001\*\*

Universal California Los Angles: \*. Statistically Significant: \*\*

As the two groups, ULCA, active abduction and active forward flexion measurements were significantly different at the baseline, the analysis of covariance was utilized, in which by the adjustment of initial values, differences were detected between the groups in terms of neither UCLA (*P* = 0.27) nor active forward flexion (*P* = 0.97) and nor active abduction (*P* = 0.42). Besides, mean scores of pain (*P* = 0.09) and function (*P* = 0.57) were insignificantly different between the assessed groups using independent *t*-test \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of pain and function preoperatively and postoperatively among study population

  Variable                 Arthroscopy   Open surgery   *P*^1^   *P*^2^          
  ------------------------ ------------- -------------- -------- -------- ------ -------
  Preoperative Pain        3.2           1.8            4.3      2.5      0.09   0.87
  Postoperative Pain       6.8           2.07           7.8      2.8      0.21   
  Preoperative Function    2.6           1.7            2.8      1.9      0.57   0.026
  Postoperative Function   4.5           2.9            6.5      3.2      0.02   

*P*^1^: Independent *T*-Test. *P*^2^: ANCOVA Test

Covariance analysis showed that after the surgery (by adjusting the values before the intervention) the mean score of pain was not significantly different between two groups (*P* = 0.87); however, the mean score of patients\' function was significantly higher in the open surgery treated patients as compared to the arthroscopic-treated ones (*P* = 0.026) \[[Table 2](#T2){ref-type="table"}\].

Discussion {#sec1-4}
==========

Due to the fewer invasions, the arthroscopic technique has become the gold standard approach for the treatment of rotator cuff tear, while a question has not been responded, whether open surgery is still warranted.\[[@ref8]\] The current study has been designed to compare the outcomes of the two routine techniques used for the surgical treatment of rotator cuff tear, open surgery versus arthroscopic technique. Our research has notable limitations, including failure to divide the tears into stages based on the size of tears, stage of supraspinatus retraction,\[[@ref9]\] and fatty degeneration of supraspinatus and infraspinatus muscles.\[[@ref10]\] However, our research found that the two techniques posed remarkable improvement in the ULCA score and range of motion in active abduction and forward flexion. Despite the similar pain scores, an open surgical approach for the treatment of rotator cuff tear accompanied with significant superior function to arthroscopic treatment. On the other hand, the strength of this report is the duration of follow-up, as most of the re-tears occur within the first postoperative year\[[@ref11][@ref12]\] while we have followed the patients for 36 months.

Numerous studies in the literature have compared mini-open surgery with arthroscopic techniques in which they have presented nonsignificant differences in outcome measurements.\[[@ref13][@ref14][@ref15][@ref16]\] There are a few studies that have compared open surgery with the arthroscopic approach. In the study conducted by Buess *et al*., the equality or mild superiority of arthroscopic technique was notified,\[[@ref17]\] while the latter study by Bishop favored open surgery for large tears, due to the less probability of re-tear by open surgical approach.\[[@ref18]\] Another study was performed by Walton and Murrel, in which they compared 200 open surgeries versus 200 arthroscopic ones. In this study, they excluded the tears over 16 cm^2^ and reported decompression requirements in all of the open surgeries, but 76% of arthroscopic ones. In general, they concluded that arthroscopic technique was superior to open surgery considering aspects such as operative time, rotator cuff muscle integrity, and the postoperative time of recovery.\[[@ref19]\] These aspects are not evaluated in our study.

In our study, the clinical assessments showed remarkable superiority of open surgery in the function aspect only, but other aspects, including the range of motion or pain. These findings are consistent with the study by Bayle *et al*.\[[@ref8]\] while contrary to other studies that presented a better range of motion following arthroscopic surgery.\[[@ref17][@ref19]\]

Although we have not assessed the postoperative complications of each technique, deltoid impairment due to detachment of this muscle during open surgery is a leading cause of orthopedists\' preference for arthroscopic surgery, in contrast to open technique.\[[@ref20]\] However, Cho *et al*. performed follow-up imaging for their study population and presented the thickness of the deltoid muscle due to both of the techniques.\[[@ref21]\] In general, the risk of complications is considerably higher in open surgery, a fact that has deviated the orthopedists\' attention toward arthroscopic technique.\[[@ref22][@ref23]\]

The diversity in the follow-up period of the patients, failure to categorizing the tear size, and failure to assess the postoperative complications are the significant limitations of the current study that should be considered in further reports.

Conclusion {#sec1-5}
==========

Open and arthroscopic methods of rotator cuff tear repair are both effective for the improvement of the function, range of motion, and pain in patients with cuff tear. However, there are no significant differences in terms of pain relief and range of motion between the two groups. Nevertheless, the function of the patients underwent open surgery, improved more than the arthroscopic group.
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